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2 Fluidynamis and Combustion Area
1 Introdution
A premixed ombustion ow is haraterized by a omplete mixing of fuel (rea-
tants) and oxidizer that exists before entering the ombustion hamber, so that not
only the mixture is ready to burn, but it is also haraterized by uniform proles of
reatant's onentrations. This assumption an be atually onsidered true from an
average point of view. Premixed theory, even if appliable to some ases of pratial
industrial interest, is somehow still far from being able to desribe ombustion in
orret physial terms. When a premixed ame struture ours is very likely that
one of the following phenomena ours:
 a omplete turbulent mixing, but still inomplete moleular mixing (i.e. the
proles of average reatant's mixture onentrations are uniform, but pulsation
of reatant mixture onentrations our);
 non-uniform proles of reatant's onentration in lean or in rih premixed
ows (i.e. premixed ombustion in ows with non-uniform distribution of the
air exess oeÆient);
 the presene of zones of lean and rih mixture omposition with non-uniform
prole of reatant's onentration, at dierent parts of the ow (i.e. the om-
bustion proess ontains elements both of premixed and non-premixed om-
bustion mehanism).
When dealing with real ombustors, some of the above phenomena allways our.
When a more detailed and aurate desription of ombustion is needed, premixed
ombustion modeling has to be replaed with some "new modeling" apable to
aount for more detailed and omplex physis involved. In the next setions a
possible approah to model partially (or imperfetly) premixed ombustion will be
presented and its implementation into a CFD ode will be illustrated. Finally, some
preliminary results will be presented.
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2 Premixed Combustion Basi Equations
Premixed turbulent ombustion an be studied by following a pdf approah for a
single thermohemial variable. The Bray-Moss-Libby theory [1℄, assuming unit Lewis
number and one step hemistry, introdues a progress variable:
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0) 100% reatants;
1) 100%produts;
where the suÆxes b and u refer to burned and unburned mixture respetively. The
equation for the progress variable  writes:
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where W is the real hemial soure term and r( u
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) is the turbulent transport
term. It has to be noted that both these terms need losure models. By assuming
that the pdf of the progress variable an be represented as given by two Dira [2℄,
loated in orrespondene of pure reatants and produts, the problem is losed. In
this approah, the progress variable is linked to mass density and temperature by the
following algebrai relations:
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It has been experimentally and theoretially demonstrated that a \ounter-gradient"
nature of the term  u
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exists, so that in order to desribe it in terms
of an eetive diusion oeÆient, this oeÆient an be negative. In fat, in this
ase the term ontaining the progress variable utuations an be expressed in terms
of the average progress variable. Therefore, in a general approah, it annot be
modeled with the usual diusion losure (the eddy visosity losure):
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unless a negative , and therefore unphysial, diusion oeÆient D
t
is assumed. It
has to be noted that, if onventional diusion losure were appliable, the turbulent
transport losure would have been ahieved in terms of the average progress variable.
Unfortunately, this is not the general ase. Usually a seond order losure has to be
applied by involving the solution of a set of equations for the turbulent utuations
g
u
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00
[3℄.
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2.0.1 The TFC losure: 1D ase
The TFC model gives a losure of Eq. (1) by providing an expression for the two
terms on the RHS: the turbulent transport term r  ( u
00

00
) and the soure term
W .
The losure proedure an be illustrated starting from a one-dimensional ase.
Equation (1) for a 1D ase reads:
( ~)
t
+
( ~u ~)
x
=
( 
g
u
00

00
)
x
+W (3)
In a frame of referene moving with the turbulent ame speed U
t
(x
0
= x U
t
 t,
and t
0
= t) equation ( 3) be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with  ~u = 
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U
t
= onst for mass onservation.
As disussed in [4℄, for t  
st
(ISP ames) the turbulent ame brush will
inrease its thikness with time aording to the turbulent dispersion law. A modelling
equation for suh a front is then:
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where D
t
is the turbulent diusion oeÆient.
By using this expression in equation ( 4) it an be obtained:
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whih shows that the term on the L.H.S. may be used to model the progress variable
soure termW and the dierene between the seond order veloity-progress variable
orrelation and the atual turbulent transport term.
At this point an estimation for the average soure term in Eq. (6) has to be set.
It is assumed to be proportional to the probability to nd the amelet at a given
position p
f lam
(x; t); this probability is related to the probability of nding produts
P
b
at the given position by the relation:
P
b
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It has also to be noted that
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Therefore we an write:
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where the result onst = 
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to +1.
By using Eq. ( 9) in Eq. ( 6) the following expression for the spae derivative of
the seond order veloity-progress variable orrelation is obtained:
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By using Eqs. (9) and (10) into Eq. (4):

~
t
0
+ 
u
U
t
~
x
0
=

x
0
"
D
t
~
x
0
#
+ 
u
U
t

x
0
and now passing to the xed frame of referene the nal TFC losure for the 1D
ase it is ahieved:
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where D
t
is the physial positive turbulent diusion oeÆient, and U
t
is the turbulent
ombustion veloity. The absolute value in the soure term is a generalization that
makes possible to aount for a positive denite U
t
for ames traveling in both
diretions (x and  x).
2.0.2 TFC Closure Equation: 3D formulation
The TFC model for the general 3d ase requires to solve an equation for the progress
variable
e
 in the form of:
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To lose Eq. (12) express U
t
must be expressed as a funtion of the physio-
hemial properties of the ombustible mixture and turbulene parameters. In 1-D
ase U
t
is the turbulent ombustion veloity U
t
= U
f
(S=S
0
). It an be dened under
the assumption of fast hemistry (
h
 
t
) and by modeling miro-turbulene and
moleular transfer proesses. But, if equilibrium of ne sale vorties and of small
sale wrinkled amelet sheet is assumed, the ontrolling parameters of the ombus-
tion model will be redued to the moleular transfer oeÆient , the hemial time

h
= =U
2
L
and the integral turbulent harateristis u
0
=
p
u
02
and l
t
.
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2.0.3 Turbulent Flame Veloity
In TFC approah [2℄ the Turbulent Flame Veloity is modeled as:
U
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(13)
where:
U
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laminar ame veloity mixture property
 moleular heat transfer oeÆient mixture property
u
0
RMS (root-mean-square) of veloity utuations
q
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
l
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e lenght s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
 turbulent kineti energy omputed from turbulene model
 turbulent kineti energy diddipation omputed from turbulene model
G streth fator
C
D
model onstant 0:37
A model onstant 0:52
The streth fator G an be modeled as follows:
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Values for the onstants 
1
, 
2
, 
3
, 
4
and Æ are as follows:

1
= 0.34880242

2
= 0.0958709

3
= 0.7478556

4
= 0.47047
Æ = 0.26
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3 Partially (or Imperfetly) Premixed Modeling
3.1 Generality
Three possible ombustion regimes are shematially represented in gure 1.
DIFFUSION FLAME
PARTIALLY PREMIXED
                FLAME
PREMIXED FLAME
stoichiom.
surface
Oxidizer
Fuel
diffusion
instantaneous
front
c = 0
c = 1
c = 1
c = 1
c = 1
c = 0
c = 0
Premix
mixture
Premix
mixture
Products +
Products +
Lean 
Rich 
Fuel
oxidizer
stoichiom.
surface
instant.
diffusion
front
Instant. homogen.
lean flame brush
rich flame brush
Instant. homogen.
Ignition point
Ignition point
Figure 1: Three possible ame's topology
1. At the top part of gure 1, a pure diusive ame is shown. Two separated
streams of fuel and oxidizer enter the ombustor with given omposition, tem-
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perature and pressure. Combustion starts at the ignition point and it is sus-
tained by moleular and turbulent mixing.
2. At the bottom part of the same gure 1, the perfetly premixed ase is il-
lustrated. A burned stream of gas is used to stabilize the ombustion of a
perfetly premixed mixture of fuel and oxidizer. The value of the progress vari-
able  at several loations is indiated in the gure. Aording to its previously
disussed meaning,  = 0 means unombusted mixture, whereas  = 1 ours
in orrespondene of omplete ombustion. As it an be seen from gure 1
the gas is ompletelly burned behind the ame front.
3. At the middle part of gure 1 a possible situation of partially premixed om-
bustion is shown. Two streams of rih and lean premixed mixture feed the
ombustor from the upper and lower injetion duts. It has to be remembered
here that lean mixture means that the fuel mass fration in the mixture is less
than its stoihiometri value, so that downstream the premixed ame brush,
some oxidizer is left. On the other hand, in the rih ase, the ombustion
produts still ontain some extra fuel, for the oxidizer is not enough to burn all
the fuel in the mixture. Thus, downstream the two premixed ame brushes on
the lean and rih sides ( = 1 zone), two streams of fuel and oxidizer will be
available to be burned aording to a diusion like ombustion proess.
A simpler ase of partially premixed ombustion, but still important for many
indistrial appliations, ours when the ombustor is fed by two streams of both rih
or lean mixtures, but with dierent value of the mixture fration. A third stream of
burned gas is used in order to stabilize the ame. The phisial model is skethed in
gure 2. In this ase there is no possibility for the existene of any diusion ame
behind the premixed ame brushes, for the exhaust gas will be short of oxidizer or fuel,
respetivelly. Nevertheless, this is still a quite interesting situation, beause in the
atual industrial burners it is unlike to have perfetly ontrolled premixed mixtures,
the omposition of whih being non uniform and non onstant in spae and in time.
In the following the term partially premixed will refer to the ase desribed in the
middle part of gure 1, whereas by imperfetly premixed will be meant the situation
shown in rgure 2. Through the next hapters a possible way to model the imperfetly
premixed ase will be illustrated. Finally, a brief desription of how to get a losure
for a more general partially premixed model will be given.
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2
c = 1
f = f
c = 1
f = f1
c = 0
f = f2
c = 0
Figure 2: The model ase
3.2 Imperfetly Premixed Model IPM
In order to attempt a suitable modeling of the imperfetly premixed ombustion pro-
ess, the idea was to start from the TFC formulation and to extend the model to
the partially (or imperfetly) premixed ase, with the limitation already disussed. In
the ase under onsideration, the mixture properties annot be onsidered uniform
and onstant anymore. In partiular, the laminar ame veloity S
L
and the moleular
heat transfer oeÆient , do assume dierent values in dependene on the spatial
properties of the mixture itself. Both S
L
and  are then to be onsidered funtion
of some mixture property, suh as the mixture fration f or the orresponding equiv-
alene ratio , that would be suitable to desribe the mixture's omposition at any
point and at any time. Therefore the only TFC's equation for the progress variable
~ is not enough anymore and a new equation has to be solved in order to know the
value of f in spae and time. In other words, the TFC approah is still valid, but on
a loal sale, only.
3.2.1 An Equation for the Mixture Fration
The mixture fration f is a normalized fration of the fuel to oxidizer ratio at eah
ontrol volume, ranging from 0 to 1. A simple way to derive the mixture fration f,
starts from onsidering the generi ombustion equation:
f uel + sOx ! (1 + s) produts (15)
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where s is stoihiometri oxidizer onentration. If the mass fration is dened as:
 = m
f u
 
m
ox
s
the (15) an be re-written in terms of  and the mixture fration f, as follows:
 
f uel
+ (1  f) 
inf
=  (16)
in whih:
 
f uel
= mass f ration of f uel in the f uel stream
and
 
inf
= mass f ration of oxydizer in ambient air
Solving equation (16) for f leads to the denition of the mixture fration f:
f 
    
inf
 
f uel
   
inf
(17)
If f = 0 the mixture ontains only ambient oxidizer onentration; if f = 1 the
mixture ontains pure fuel. In stoihiometri ondition it is:
f
st
=
 
inf
 
f uel
+  
inf
(18)
The mixture fration f is a onserved salar (i.e. there is no a soure term in the
transport equation for f), and suh transport equation an be written as:
 (
e
f )=t +r 

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e
f
e
u

= r  (D
t
r
e
f ) (19)
in whih:
D
t
the turbulent diusion oeÆient, given by:
D
t
=

t

t
with: 
t
is the turbulent Prandtl number.
Beside f the equivalene ration an also be dened as:
 =
f
1  f
1  f
s
t
f
s
t
(20)
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3.2.2 The Proposed Imperfetly Premixed Model Equations
The Imperfetly Premixed Model ouples the TFC equation for the progress variable
e
 with the transport equation for f, thus:
 (
e
)=t +r  (
e

e
u) = r  (D
t
r
e
) + 
u
U
t
jr
e
 j
 (
e
f )=t +r 


e
f
e
u

= r  (D
t
r
e
f ) (21)
The turbulent ame veloity an be still expressed, as previously done for the
TFC model, as:
U
t
(f ) = AG u
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(f )
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(f )
 1=4
l
t
1=4
(22)
where it an be noted that the laminar ame veloity S
L
and the moleular heat
transfer oeÆient  are now funtions of the mixture fration f. Furthermore, a
short omment on how to evaluate the temperature
e
T and density , has to be made
at this stage. In rigorous terms, values for
e
T an be omputed as:
e
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e
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T
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beause we assume that T
u
(f ) = T
u
= onst for given onditions, the 23 an be
rewritten as:
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by assuming a Dira like distribution for the probability funtion P (f ), the (25)
redues to:
e
T = T
u
+
e
 (T
ad
(f )  T
u
) (26)
by following the same approah, an expression for  an also be found:
 =
1
(
1 e
)

u
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+
e

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(27)
In order to be able to lose the model, it has to be known how to deal with the
following:
S
L
= S
L
(f );  = (f ); T
ad
= T
ad
(f ); 
u
= 
u
(f ) and 
b
= 
b
(f )
This will be briey disussed through the next paragraps.
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3.3 Fators Inuening Laminar Flame Veloity
Many fators inuene the laminar ame speed, namely temperature, pressure, equiv-
alene ratio and fuel type. In [5℄ a detailed analysis of these dependenies an be
found. Hereafter a short summary will be reported.
3.3.1 Temperature
Dependeny of laminar ame speed on temperature an be expressed as follows:
S
L
/

T
 0:5
T
u
0:5
T
b
 n=2
exp ( E
A
=2R
u
T
b
)P
(n 2)=2
(28)
where it is:

T = 0:5  (T
u
+ T
b
)
Sine the global reation order n for hydroarbons is about two and the apparent
ativation energy is approximately 1:67x10
8
J/kmol, from equation 28 it appares
that the laminar ame speed has a quite strong dependene on the temperature
of the unburned mixture. For example, by applying equation 28, the ame speed
is seen to be inreased by a fator of 2:89 when the unburned gas temperature is
inreased from 300 K to 600 K. Some empirial orrelations to estimate the inuene
of temperature on ame speed an be found in [6℄ and [7℄.
3.3.2 Pressure
Equation 28 shows a dependene of laminar ame speed on pressure of the type:
S
L
/ P
(n 2)=2
(29)
In the ase of hydroarbon fuels it has been already tested that the global reation
order n is approximately equal to two, so that S
L
should be independent on pres-
sure. Experimental measurements generally show a negative dependene on pressure.
However, this eet is muh less signiant than dependene on temperature.
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3.3.3 Equivalene Ratio
Exept for very rih mixtures, the primary eet of equivalene ratio on the ame
speed is a results of how this parameters inuenes the ame temperature. Thus, for
a given T
u
of the unburned mixture, higher values of the reation produts tempera-
ture T
b
orrespond to growing values of the equivalene ratio . As a onsequene,
by appliation of equation 28 it an be seen that also S
L
will be inreased.
3.3.4 Fuel Type
A few olletions of ame speed measurements for dierent fuels are available in
literature. Among them some of the more realiable are those by [8℄ and by [9℄.
3.3.5 Flame Speed Correlations
In [7℄ several regression formula have been tested in order to orrelate the laminar
ame speed of various fuel-air mixture to a range of temperatures and pressures
typial of realisti operative onditions. One of the most promising formula is of the
form:
S
L
= S
L;ref
 
T
u
T
u;ref
!

 
P
P
ref
!

(30)
where is:
T
ref
= 298 [K℄
P
ref
= 1 [atm℄
S
L;ref
= B
M
+ B
2
(  1:08)
2
 = 2:18  0:8 (  1)
 =  0:16 + 0:22 (  1)
B
M
, B
2
,  and  are orrelation oeÆients that have to be determined both
from some data olletions or from a pre-proessor stage.
3.4 Fators Inuening the Moleular Heat Transfer CoeÆient
Dependeny of the moleular heat transfer oeÆient is essentially on pressure and
an be evaluated as follows:
() =

ref
()
P
(31)
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where 
ref
() is the value at P = 1 [atm℄ and pressure P must be expressed in
[atm℄.
3.5 An example: Methane-Air Mixture
Hereafter, S
L
and anything else needed to apply the proposed imperfetly premixed
model, will be determined in the ase of a mixture of methane (CH
4
) and air. For
the sake of generality and beause quite often data olletions are not easy to be
found, mixture properties have been determined by using the Chemkin Colletion
Pakage, and its Premix appliation in partiular. The Premix appliation allows for
omputing laminar ame speed, temperature, density and speies mole fration of
a mixture of given equivalene ratio . By repeating the omputation with several
values of , it has been possible to get a set of disrete data and to determine the
unknown oeÆients in the orrelation formula 30. Moreover, linear, quadrati and
ubi interpolation formula have been applied to the omputed values of 
u
, 
b
and
T
b
.
Relations 32, 33, 34 and 35 summarize the obtained results. By starting from
equation 35 and by applying equation 30, the atual value of the laminar ame speed
an be omputed. Figures 3, 4, 5, 6 and 7 represent the above relations in graphial
form. It must be reminded here that the burned gas temperature T
b
is not used
by the model. Nevertheless, the form of funtion 34 is important to be known at
post-proessing stage in order to ompute the atual temperature at any point inside
the ombustion hamber, by appliation of equation 26
Finally, it has to be reminded here that all the previously reported relations are
obtained by interpolation of a disrete set of data, thus all of them are valid for a
restrited range of values of the mixture equivalene ratio . The arbitrary use of
suh expressions outside the range of validity, ould lead to unphysial results. In
the present ase, the range of  for whih relations from 32 to 35 are dened was
0:8    1:1.

u
() = 0:607794   0:05763 (32)

b
() = 0:4901   0:629+ 0:2888
2
(33)
T
b
() = 1:619E04   4:77E04+ 5:294E04
2
  1:921E04
3
(34)
S
L;ref
() = 33:94   191:378  (  1:08)
2
(35)
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Figure 3: Density of unburned mixture as a funtion of 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Figure 4: Density of burned mixture as a funtion of 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Figure 5: Temperature of burned mixture as a funtion of 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Figure 6: Referene Laminar Flame Speed as a funtion of 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Figure 7: Laminar Flame Speed as a funtion of 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3.6 Model's Assessment
The previously disussed imperfetly premixed model (hereafter referred to as IPM)
has been initially validated against the standard TFC model. In fat, in the ase of
a mixture of onstant , the equation for the mixture fration f must be ineetive
and the IPM model must reprodue the same results provided by the TFC model.
The test ase that has been hosen is the burner experimentally tested by Moreau
[10℄. The ombustor geometry is shown in gure 8. The upper inlet has been split
in two parts, so that it would be eventually possible to feed the ombustor with fresh
mixtures haraterized by dierent values of . For the present experiment, however,
the mixture (Methane and air) had the same omposition at all the ombustor's
inlets. Part of the exhaust gas (~ = 1) is reirulated and re-enters the ombustor
from the bottom dut. This stream is used to stabilize the ame. Flows properties
are sumarized in table 1.
inlet
1300 mm
100 mm
80 mm
20 mm
burned 
mixture
inlet
fresh
mixture
Figure 8: Combustor's geometry
FRESH MXT. BURNED MIXT.
Veloity [m/s℄ 65 116
Turbulene Intensity 0.012 0.021
Turbulens Lenght Sale [m℄ 0.0056 0.0014
Progress Variable 0 1
Equivalene Ratio 0.84 0.84
Temperature [K℄ 600 2086
Table 1:
Laminar ame veloity, moleular heat transfer oeÆient and all the other phys-
ial properties of interest have been evaluated by following the approah explained
in previous setions. The used turbulene model was the Wilox  ! two equation
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model re-written in   log(!) form [11℄. Figures 9 and 10 show the results obtained
by using the TFC and the IPM models. As it an be seen, results are the same, as
expeted.
50 100 150 200 250
x−velocity
0
0.02
0.04
0.06
0.08
0.1
y
EXP x=0.151
EXP x=0.351
EXP x=0.650
IPM model 
TFC model
Figure 9: Veloity proles at 151, 351 and 650 mm from inlet
The IPM model has been then tested from a qualitatively point of view only, by
feeding the two upper inlets of the burner with mixtures of CH
4
and air haraterized
by dierent values of the equivalene ratio , namely  = 0:84 and  = 1:0 at the
middle inlet setion and at the top inlet setion respetively. From the in-dut at
the bottom of the ombustion hamber a stream of exhaust gas ( = 0:84) has
been used in order to stabilize the ame, as in the previously desribed ase. Table
2 sumarizes the most signiant test ase features.
FRESH MXT. TOP FRESH MXT. MIDDLE BURNED MXT. BOTTOM
Veloity [m/s℄ 65 65 116
Turbulene Intensity 0.012 0.012 0.021
Turbulens Lenght Sale [m℄ 0.0056 0.0056 0.0014
Progress Variable 0 0 1
Equivalene Ratio 1.00 0.84 0.84
Table 2:
Figure 11 shows proles of  at 5 ross setions along the ombustor. In the
same gure inlet onditions for ~ and  are also indiated. From gure 11 it an be
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Temperature
0
0.02
0.04
0.06
0.08
0.1
y
EXP x=0.222
EXP x=0.522
TFC model
IPM model
Figure 10: Temperature proles at 222 and 622 mm from inlet
seen how the riher mixture is onveted and diused along the burner, aording to
equation 19.
In gure 12 the ross distribution of the laminar ame speed is represented at
the same setions. It has to be reminded here that S
L
is a given funtion of , as
previously dened in equation 35. The previously desribed diusion proess of ,
gradually inreases the value of S
L
, moving downstream the hamber.
As a onsequene the veloity and temperature proles are dierent from the
previous ase of uniform mixture. This is shown in gures 13 and 14, respetively.
Figure 14 shows that the ombustion proess is now more intense, as has to be
expeted for the mixture ontains more fuel. At any point then, temperature is
higher than in the onstant  ase, and being the pressure almost onstant, the
eet of this higher temperature is to derese the mixture density. Aording to the
onservation of mass, veloity must then be higher at any setion. This is in fat
what appears in gure 13.
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0
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x=0.151 x = 0.222
φ
x = 0.351 x = 0.622 x = 0.650
φ = .84
c = 1
φ = .84
c = 0
φ = 1
c = 0
Figure 11: Equivalene ratio proles at 151, 222, 351, 622 and 650 mm from inlet
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
φ
0.8
1
1.2
1.4
1.6
S L
Figure 12: Laminar Flame Speed proles at 151, 222, 351, 622 and 650 mm from
inlet
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0.1
y
EXP x=0.151
EXP x=0.351
EXP x=0.650
IPM φ const
IPM φ var
Figure 13: Veloity proles at 151, 351 and 650 mm from inlet
500 1000 1500 2000 2500
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IPM φ var
Figure 14: Temperature proles at 222 and 622 mm from inlet
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3.7 Extension to the Partially Premixed Case
With referene to the ase already desribed in the middle setion of gure 1, a
possible modeling of the Partially Premixed Case will be briey disussed. As a result
of the premixed ombustion proess of the rih and lean mixtures that takes plae in
the rst part of the ombustion hamber, two streams of exhaust gas still ontaining
fuel and oxidizer, respetivelly, are made available for a diusion ombustion proess.
The Partially Premixed Model then, should be somehow a ombination of two main
moments, namely a purely premixed model (or imperfetly one), followed by any
suitable diusion model.
Regardless to the atual type of proess (premixed or diusion), the goal of
modeling ombustion is to provide a suitable form of the equation of state, namely
to dene a proper linking among thermo-dynami quantities. For example, in the ase
of the TFC or of the IPM model, under the given hypothesis of steady, inompressible
and adiabati ow, suh equation os state has been written as:
 =  (^ ; (f ))
Equations 2 and 27 provide the form of the equation of state expliitely. With
referene again to gure 1, the same kind of modeling an be applied to the "pre-
mixed" part of the ombustor. From the premixed brushes on, turbulent diusion
ombustion takes plae into the ombustion hamber. Many dierent approahes
to turbulent diusion ombustion modeling an be found in leterature (see for ex-
ample [5℄, [12℄, [13℄, [14℄). The most simple approah is to onsider the existene
of hemial equilibrium and to make use of an appropriate onserved salar (i.e. the
mixture fration) in order to desribe the ow omposition at any point and at any
time. One the omposition is known, the value of all the quantities of interest
an be found. More sophistiated approahes, take into aount the inuene of
pulsation in the omposition of the mixture due to turbulene. A suitable approah
is then to add to the equation for the onserved salar, one extra equation for its
variane, plus any appropriate probability density funtion to desribe in statistial
terms the pulsating phenomena. Whatever the hosen approah is, and whatever
is the ompliation involved, the goal of the modeling is to provide again a suitable
form for the equation of state, whih is used to lose the problem. In other words,
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the general form for the PPM equation of state ould be expressed as:

PPM
= 
IPM
(t; ^; f )
| {z }
imperfetly premixed part
+ (1  ) 
dif f
(f ; (f
0
; ::::))
| {z }
diusion part
(36)
in whih  is a parameter that is set to one in the premixed zone and to zero
behind.
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4 Conlusions
In this work, a possible extension of the TFC model to imperfetly premixed ases has
been introdued and validated, even if in a purely qualitative way. The proposed IPM
model has given results phisially onsistent and it seems able to desribe in more
orret terms atual ombustor, in whih it is far from real any assumption of having
perfetly premixed mixtures feeding the ombustion hamber. Nevertheless, a proper
validation of the proposed IPM model and of the TFC model over a realisti industrial
ase is still to ome and it will be an essential part of the future work. Finally, the
quite general lines of how to get a partially premixed model (premixed plus diusion)
have been drawn, showing that, in priniple, no new modeling is needed and that
it would be probably enough to assembly already existent premixed and diusion
models. The atual implementation of the idea above into ARES ould be also a
future development of this work.
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